Abstract: Dielectrophoresis (DEP) can be used to noninvasively measure the dielectric state of the cell, and this data can be used to monitor cell health or apoptosis. In this study, we followed events associated with cytosine arabinoside (Ara-C)-induced apoptosis in NB4 cells using DEP analysis. Our data showed that the membrane capacitance of NB4 cells decreases from 9.42 to 7.63 mF/m 2 in the first 2 hours following treatment with Ara-C, and that this decreased capacitance persists for .12 hours. Additionally, cytoplasmic conductivity decreases from 0.217 to 0.190 S/m within 2 hours of Ara-C treatment; this level is maintained for a short period of time before decreasing. We also investigated these events molecularly at the level of gene expression using microarray analysis and showed that the expression of genes related to membrane capacitance and cytoplasmic conductivity change dramatically as early as 2 hours post-Ara-C treatment, and further demonstrated a temporal relationship between the dielectric properties and key events in apoptosis. This study, integrating physical electrical properties of the cell membrane and cytoplasm with those of conductivity-related gene networks, provides new insights into the molecular mechanisms underlying the initiation of apoptosis, establishing a systematic foundation for DEP application in follow-up drug screening and development of medicines for treating leukemia.
Introduction
Approximately 1200 new cases of acute promyelocytic leukemia (APL) are diagnosed in the United States each year (http://ghr.nlm.nih.gov/). The most widely-used antimetabolite used to induce remission in children and adults with acute leukemia 1 and for APL consolidation therapy to reduce the relapse rate 2 is cytosine arabinoside (Ara-C). Ara-C is a potent killer of dividing cells by inducing cellular apoptosis mechanisms.
Apoptosis is an essential cell process for the ordered destruction of unwanted or damaged cells and can be defined as a gene-directed cellular self-destruction mechanism. Dysfunction of this mechanism is linked to the pathogenesis of cancer and other diseases 3 whereby reduced apoptosis prolongs the persistence of transformed cancer cells. Thus, in vitro technologies for sensitive and rapid assessment of apoptotic events may be useful for understanding cellular events involving the apoptosis mechanism and for aiding disease treatment and anti-cancer drug development.
Many features can be used to distinguish normal cells from cells undergoing apoptosis, such as decreased mitochondrial transmembrane potential, 4 externalization of phosphatidylserine (PS), 5 changes in morphological features 6, 7 and changes in intracellular ion concentrations. 8 Hence, various methods have been developed to detect apoptosis. The most commonly used method is in vitro measurement of fluorescence probes designed for specific labeling of relevant molecules in apoptotic cells, such as Annexin V and JC-1 assays. [9] [10] [11] However, these approaches are typically invasive, resulting in cell death.
It has been long recognized that dielectrophoresis (DEP) can be used to determine the dielectric properties of a cell. DEP is noninvasive, does not require markers or labels, and has been developed for a broad range of applications. For instance, DEP can be used for cell characterization, 12 cell isolation, 13 cell separation, 14 drug resistance monitoring, 15 drug assessment, 16 in vitro fertilization, 17 and stem cell research, 18, 19 as well as for analyzing cells in different physiological states, particularly apoptosis. [20] [21] [22] [23] [24] However, the exact molecular mechanisms that occur during apoptosis remain unclear, as are the events associated with Ara-Cinduced apoptosis.
In this study, Ara-C-induced NB4 cell apoptosis was monitored using DEP analysis and validated using standard Annexin V and JC-1 assays. A 22 K human genome oligo array was also used to examine expression levels of genes associated with membrane capacitance and cytoplasmic conductivity in parallel with DEP measurements to comprehensively investigate molecular genetic events that occur during apoptosis.
Material and methods

Cell culture and induction of apoptosis
The NB4 cell line was obtained from Peking Union Medical College. The cells were maintained in RPMI 1640 media (Gibco, Grand Island, NY, USA) supplemented with 10% (v/v) fetal bovine serum (FBS; PAA, Pasching, Austria), and 1% (v/v) penicillin/streptomycin (Invitrogen, Carlsbad, CA, USA). The cells were grown at 37°C in a 5% CO 2 atmosphere. Ara-C was purchased from Sigma-Aldrich (St Louis, MO, USA). To induce apoptosis, NB4 cells (at a density of 3 × 10 5 cells/mL) were treated with Ara-C at a final concentration of 1 × 10 -5 M. Concentration was determined using CCK-8 assays (see Supplementary material). The incubation period included four time points: 2, 4, 6, and 12 hours.
Detection of apoptosis using Annexin V and JC-1 assays Apoptosis was analyzed using flow cytometric analysis (FCA). Cells were cultured in 6-well plates, treated with 1 × 10 -5 M Ara-C, collected at different time points, and centrifuged at 190 × g for 5 minutes. A rapid Annexin V-FITC apoptosis detection kit (KeyGEN Biotech, Nanjing, China) was used according to the manufacturer's instructions. Analysis was performed on a BD FACSAria TM II system (BD Biosciences, San Jose, CA, USA). Cells incubated without Ara-C were analyzed in parallel as controls.
JC-1 was used to dye NB4 cells to visually detect early apoptosis. Similarly to the procedure for flow cytometric analysis, cells were collected and incubated in the dark in 0.5 mL incubation buffer (KeyGEN Biotech) with 1 µL JC-1 (2.5 mg/mL) at 37°C for 20 minutes. After incubation, the cells were washed twice with 1 × PBS and analyzed using fluorescence microscopy (DM-IRB; Leica, Wetzlar, Germany). To reduce the presence of dye particulates prior to incubation, the JC-1 solution was sonicated for 5 minutes, followed by centrifugation (1 minute at 9300 × g). The supernatant was used for dye loading.
Dielectrophoretic system setup and crossover frequency determination
The principal components of the DEP system are described in Figure 1 . The DEP chip was fabricated by patterning nonclosed ring gold electrodes onto the surface of a clean glass wafer using standard photolithography. As shown in Figure 1A , the width of the electrodes on the glass chip was 20 µm and the inner diameter of the ring was 200 µm. A 200-µL Eppendorf tube was cut and assembled on the chip to construct the DEP measurement chamber ( Figure 1B) .
The sine signal applied to the chip was generated by a signal generator (HP33120A; Hewlett-Packard, Santa Clara, CA, USA) in the range of 10-15 MHz or a signal generator (SMB100A; Rohde and Schwarz, Munich, Germany) in the range of 50-500 MHz at an applied voltage of 3 V (peak-topeak). Measurements were observed through a CCD camera (DP-71; Olympus, Tokyo, Japan) coupled to a fluorescence microscope (DM-IRB; Leica).
Prior to DEP measurements, the cells were centrifuged at 190 × g for 5 min. The pellets were washed and resuspended in a prepared isotonic medium containing 8.5% (w/v) sucrose and 0.3% (w/v) dextrose buffer for which conductivity had been adjusted to 32.8 mS/m with RPMI 1640 media and a conductivity meter (DDSJ-308A; SPSIC Ltd, Shanghai, China). Subsequently, the cells were added to the chip chamber using a micropipette, and the motion of the cells toward or away from the electrode edges due to the applied frequency was observed.
DEP measurements are made by determining crossover frequencies, at which most of the cells in the chamber experience a zero DEP-induced force and exhibit no movement (ie, corresponding to the transition between negative submit your manuscript | www.dovepress.com
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and positive DEP). The crossover frequency for $20 cells was measured over a time period of #20 minutes for each experiment. The frequency obtained was further used to determine the capacitance of the plasma membrane 23 or cytoplasmic conductivity. 25 Gene expression profiling and real-time quantitative polymerase chain reaction (PCR)
The 22 K human genomic oligo array (CapitalBio Corp, Beijing, China) contains 21,329 5′-amino-modified 70-mer probes of the Human Genome OligoSet (Version 2.1; Operon, Huntsville, AL, USA). Total RNA was isolated using the Trizol method (Invitrogen). Reverse transcription was performed using M-MLV (Takara Chemicals, Shiga, Japan). Microarray experiments were performed as described previously. 26 After hybridization, microarrays were scanned using a LuxScan TM 10 K/A confocal scanner (CapitalBio), and data from the obtained images were extracted using LuxScan 3.0 software (CapitalBio). Raw data were normalized using the space-and intensity-dependent LOWESS program. 27 For each test and control sample at the 2-, 4-, 6-, and 12-hour time points, hybridization experiments were performed using the dye-swap strategy. Only genes with consistent differential expression (both above a twofold change) in both dye-swap microarrays were selected as differentially expressed genes. The description of this microarray study follows the Minimum Information About a Microarray Experiment (MIAME) guidelines. 28 A selected subset of differentially expressed genes was validated using real-time quantitative PCR employing an EvaGreen Real-time qPCR Core Reagent Kit (CapitalBio) and a Bio-Rad IQ TM 5 (Bio-Rad, Hercules, CA, USA). Target genes and a reference gene (glyceraldehyde 3-phosphate dehydrogenase [GAPDH]) were amplified in parallel. Primer sequences are shown in Supplementary Table S1 . The results were analyzed using Bio-Rad IQ TM 5 (software version 2.1; Bio-Rad). PCR amplification products were analyzed using melting curve analysis and 1.5% agarose gel electrophoresis. 
The formula E target
was employed to calculate the relative gene expression ratio of a target gene, where E is the real-time PCR efficiency and CP is the real-time PCR crossing point. 29 All reactions were performed in triplicate.
Detection of morphology changes using scanning electron microscopy (SEM) and indirect immunofluorescence (IF) microscopy
After centrifugation at 190 × g for 5 minutes followed by resuspension, the cells were fixed with 2.5% glutaraldehyde at room temperature for 1 hour, washed in 1 × PBS, and exposed to 1% osmium tetroxide for another hour. The cells were dehydrated by sequential immersion in 30, 50, 70, 80, 90, and 2 × 100% ethanol, followed by a 50/50 ethanol/tertButanol solution, and then 100% tert-Butanol. The cells were freeze-dried (ES-2030; Hitachi, Tokyo, Japan) for 4 h, coated with a thin gold layer using an ion sputter (E-1010; Hitachi), and finally attached to the microscope supports using silver glue. The cells were imaged at 15 kV by SEM (Quanta 200; FEI, OR, USA). For IF analysis, cells were collected, washed, and plated on glass coverslips. Next, the cells were fixed in 4% paraformaldehyde for 30 min and permeabilized using 0.2% Triton X-100 in 1 × PBS. After blocking with 1% (w/v) bovine serum albumin (BSA) in 1 × PBS, the cells were incubated with rabbit KIF20A polyclonal antibody (Abnova, Taipei, Taiwan) or rabbit γ-tubulin polyclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) at 4°C overnight. Subsequently, the cells were washed three times with 1 × PBS and stained with DyLight-labeled goat anti-rabbit IgG (Jackson, West Grove, PA, USA) at room temperature for 4 hours. Nuclei were stained with 4′,6-diamidino-2-phenylindole dihydrochloride (DAPI); Vector Labs, Burlingame, CA, USA). The cells were then examined and photographed using a laser scanning confocal microscope (LSM710; Carl Zeiss, Oberkochen, Germany). The excitation wavelength was 488 nm for DyLight and 405 nm for DAPI. Images were merged using ZEN software (Carl Zeiss).
Measurements of intracellular calcium, sodium, and potassium using flow cytometry Intracellular calcium ion concentration was measured using Fluo4-AM (Dojindo, Kumamoto, Japan) and 20% pluronic F-127 dissolved in DMSO to make a 1 mM stock solution. Immediately before Fluo 4-AM loading, the cells were gently washed with HEPES-buffered saline (10 mM HEPES, 137 mM NaCl, 5 mM KCl, 1 mM CaCl 2 , 1 mM MgCl 2 , 10 mM D-glucose, pH 7.35) and then incubated in Fluo 4-AM working solution (5 µM Fluo 4-AM and 0.05% pluronic F-127 dissolved in HEPES buffer) for 30 minutes at 37°C in a cell incubator. Next, the cells were washed with HEPES-buffered saline to remove extracellular Fluo 4-AM and incubated for an additional 20 minutes to allow deesterification of Fluo 4-AM into its active-dye form Fluo 4. Analysis was performed on a BD FACSCalibur TM system (BD Biosciences) at an excitation of 488 nm.
For intracellular sodium and potassium ion measurements, 2 µL of 2.5 mM SBFI-AM (Sigma-Aldrich) and PBFI-AM (Santa Cruz Biotechnology) stock solutions were individually added to 1 mL of cells at a final concentration of 5 µM 1 hour prior to conducting the experiment. Incubation was continued at 37°C in a 5% CO 2 atmosphere. Immediately before FCA, propidium iodide (PI; Sigma-Aldrich) was added at a final concentration of 10 µg/mL. Approximately 1 × 10 4 cells were analyzed by sequential excitation of the cells at 355 nm for SBFI-AM or PBFI-AM and 488 nm for PI, using a BD TM LSR II Flow Cytometer System (BD Biosciences).
Results and discussion
Detecting apoptosis with Annexin V and JC-1 assays Apoptotic cells display significant externalization of PS, which can be validated using the Annexin V assay. As shown in Supplementary Figure S2 , a series of the Annexin V assays based on flow cytometry was performed at different time points. Our results demonstrate that the proportion of Annexin V-positive cells at 2 hours posttreatment was not significantly different compared to control cells, and up to 4 hours posttreatment, the proportion of the positive cells displayed a clear difference (Figure 2A ). Among the entire cell population, this proportion increased from 4.51% ± 0.44% at 2 hours to 7.19% ± 0.26% at 4 hours, 12.42% ± 0.68% at 6 hours, and 21.68% ± 0.45% at 12 hours.
To ensure that apoptosis initiated by Ara-C could be detected as early as possible (ie, at 2 hours posttreatment), assays based on the mitochondria membrane potential (∆Ψm) were performed. A typical early characteristic of apoptosis is permeabilization of the mitochondrial membrane followed by dissipation of ∆Ψm, which is measured using the JC-1 assay. 10 As shown in Figure 2B , cells displaying greenish orange fluorescence were viable, while cells displaying green fluorescence were apoptotic. After 2 hours of Ara-C treatment, the proportion of apoptotic cells increased. This submit your manuscript | www.dovepress.com
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indicates that NB4 cell apoptosis initiated by Ara-C can be detected as early as 2 hours posttreatment using the JC-1 assay, during which time the mitochondrial permeability transition pore opens and the corresponding ∆Ψm is reduced.
DEP analysis during Ara-C-induced apoptosis
DEP analysis is an assay based on measuring changes in dielectric properties (ie, membrane capacitance and cytoplasmic conductivity) that has been applied for monitoring cell apoptosis. [20] [21] [22] [23] [24] Currently, there are several theoretical models used to extract cell dielectric properties. 30, 31 In this study, we examined the variation in cell dielectric property trends during cell apoptosis. We applied a simple model for measuring crossover frequencies in an isotonic medium with a specific conductivity (32.8 mS/m). 23, 25 DEP analysis reveals two types of crossover frequencies, the lower and upper crossover frequencies, which are indicated by ƒ x1 and ƒ x2 , respectively. ƒ x1 provides a direct measurement of membrane capacitance, while ƒ x2 provides a direct measurement of cytoplasmic conductivity. 25 As shown in Figure 3A and B, crossover frequency of the cells at 2 h post-exposure to Ara-C displayed distinct differences with that obtained from control cells; moreover, ƒ x1 continually increased from 96 ± 4.73 to 354 ± 6.11 kHz, while ƒ x2 decreased from 301 ± 7.09 to 165 ± 7.78 MHz over the 12-hour time course. Additionally, cell diameter decreased from 16.30 ± 0.35 to 13.81± 0.62 µm ( Figure 3C ). As shown in Table 1 where r and σ s represent the cell radius and conductivity of the surrounding solution (32.8 mS/m), respectively. The decreasing trend of membrane capacitance observed in our experiments is consistent with the observations of previous studies. 23, 24 Similarly, we calculated that cytoplasmic conductivity (σ cyto ) decreased from 0.217 ± 0.005 to 0.120 ± 0.006 S/m over the 12-hour time course based on the equation
2 ), 25 where ε s indicates the relative permittivity of the surrounding solution is a constant, about 81. This generally agrees with previous studies examining Jurkat T-cells undergoing etoposide-induced apoptosis. 23 Compared to the Annexin V and JC-1 assays, the DEP assay can be used to monitor apoptosis noninvasively without the use of added markers or labels.
Gene expression profiling during Ara-C-induced apoptosis
To better understand the molecular mechanism underlying apoptosis using DEP monitoring, we examined mRNA changes in NB4 cells after Ara-C treatment over a 12-hour time course using a human whole genome oligo array. A total of 9, 37, 42, and 117 genes displayed altered expression levels at 2, 4, 6, and 12 hours, respectively, as shown in Supplementary  Table S2 . A total of 152 genes showing $2.0-fold change at least once for all four time points (Supplementary Table S3) were selected for gene ontology (GO) analysis and cluster analysis (Supplementary Figure S3) .
GO analysis revealed that differentially expressed genes can be grouped into five main categories: apoptosis, cell division and proliferation, cell morphogenesis, ion transport 
Systematic analysis of changes in dielectric properties
Because DEP analysis is noninvasive, nondestructive, and rapid, it has been widely employed for cell apoptosis studies. [20] [21] [22] [23] [24] However, little is known regarding the temporal relationship between dielectric properties measured using DEP analysis and key events in apoptosis. Here, we used DEP analysis to systematically investigate potential mechanisms responsible at the gene level and at the cellular level for changes in membrane capacitance and cytoplasmic conductivity occurring during apoptosis.
As described above, membrane capacitance decreased from 9.42 ± 0.47 to 3.03 ± 0.05 mF/m 2 over 12 hours. Cell membrane capacitance largely depends on plasma membrane surface morphology, such as microvilli, ruffles, folds, and blebs; [32] [33] [34] [35] cells treated with Ara-C, as well as control cells, were imaged using SEM ( Figure 5A ). Control cells were covered with numerous microvilli, which appeared to be homogeneous both in size (∼16 µm diameter) and surface morphology. However, treated cells exhibited alterations in their plasma membrane morphology. After 2 hours of treatment with Ara-C, the number of microvilli slightly decreased, and the membrane surface became smoother. After a treatment time of $4 hours, cell shrinkage and bleb formation were observed. Membrane surface morphology is closely associated with the cytoskeleton 36 and thus can be monitored by observing changes in microtubule-related proteins during apoptosis. 37, 38 As shown in Figure 5B , the average cell fluorescence intensity (FI) related to γ-tubulin from the IF assay gradually decreased over the 12-hour time course, indicating that in cells treated with Ara-C, microtubules were disrupted and collapsed, resulting in obvious changes to the cytoskeleton as observed by others. 37 Changes in surface morphology involving the cytoskeleton effectively decreased the surface area of the cell membrane and, hence, decreased cell membrane capacitance.
We examined the expression level of microtubule-related genes, such as kinesin family member 20A (KIF20A) 39 and centromere-associated protein E (CENPE), 40, 41 and found that these genes were downregulated over the 12-hour time course. More precisely, expression of KIF20A and CENPE decreased to a minimum at 4 hours posttreatment and then remained low for the remainder of the time course (Supplementary Figure S4(C) ). Accordingly, the decline in average cell fluorescence intensity related to KIF20A in the IF assay reflects the decreasing KIF20A protein quantity and activity ( Figure 5C ), which was similar to γ-tubulin. Because of the close association between membrane surface morphology and KIF20A, a cytoskeletal component, 36 the decline in KIF20A expression may induce structural changes to the cell membrane ( Figure 5A ), further decreasing cell membrane capacitance. 33, 34 Subsequently, an increase in ƒ x1 was observed as a consequence of these changes.
Additionally, cytoplasmic conductivity decreased from 0.217 ± 0.005 to 0.120 ± 0.006 S/m. σ cyto is another important cell dielectric property which is, to a large extent, determined by ion mobility and concentration in the cytoplasm. 42 Our gene expression profiling results demonstrated that expression of ion transport-related genes, such as P2X purinoceptor 4 (P2RX4; associated with calcium and sodium transport) 43, 44 and potassium channel tetramerisation domain containing 9 (KCTD9; associated with potassium transport), 45 ,46 was up-regulated over the 12-hour time course (Supplementary Figure S4(D) ). Moreover, changes in intracellular calcium, sodium, and potassium concentration were measured using fluorescence probe-based flow cytometry, and all changes in cytoplasmic conductivity over the 12-hour time course were estimated using the equation (κ = F Σ |Z i |C i U i ) of Bard and Faulkner. 47 The experimental data revealed an increase in intracellular calcium and sodium, as well as a loss of intracellular potassium, during apoptosis (Supplementary Figure S6(A-C) ). Figure 6 shows the relative dynamic and temporal changes in intracellular ions and cytoplasmic conductivity over the 12-hour time course. Intracellular calcium and sodium increased to .1.5 and 1.2 times their normal levels, respectively, while intracellular potassium level was reduced to ,0.80 times its normal level over the 12-hour time course ( Figure 6A) . A decrease in intracellular potassium ultimately induces a loss of cytoplasmic conductivity because it is a highly abundant intracellular ion, 48 even when intracellular calcium and sodium levels increase. Estimated relative changes of average cytoplasmic conductivity based on ion levels decreased significantly at 2 hours post-Ara-C treatment and changed minimally thereafter. T DEP analysis showed nearly the same results over the 6-hour time course. 
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However, the difference became significant at the 12-hour time point ( Figure 6B ). One possible reason for this difference may be that the ions contributing to cytoplasmic conductivity were limited. Based on gene expression profiling, we found that the expression level of chloride intracellular channel 4 (CLIC4; associated with chloride transport) 49, 50 was significantly up-regulated at the 12-hour time point (Supplementary Table S3 ), indicating that an apparent change of intracellular chloride ions may have occurred, further affecting overall cytoplasmic conductivity. As a label-free method for measuring overall cytoplasmic conductivity, DEP analysis may be a better choice as a simple and quick monitoring method.
Conclusion
In this study, we used DEP analysis to investigate the mechanisms responsible for apoptosis from the gene and cell levels by performing a series of biological assays (gene expression profiling, SEM, IF, and FCA). At the gene level, our studies indicate that expression levels of KIF20A and CENPE, which are related to membrane capacitance, are down-regulated, while expression levels of P2RX4 and KCTD9, which are related to cytoplasmic conductivity, are up-regulated as early as 2 hours post-Ara-C treatment. Accordingly, at the cellular level, the FI related to γ-tubulin and KIF20A gradually decreased, and obvious structural changes to the cell membrane were observed, leading to the loss of membrane capacitance by decreasing the effective surface area of the cell membrane. Additionally, a decrease in intracellular potassium concentration induces a loss of cytoplasmic conductivity, even though the intracellular calcium and sodium levels increase. All of these changes in cell membrane capacitance and cytoplasmic conductivity make apoptotic cells amenable for characterization using DEP analysis, which may be used to help physicians detect apoptosis earlier. As this technology develops, individually tailored and more personalized patient treatment will be possible.
Supplementary materials Methods Determining Ara-C concentration
The appropriate working concentration of Ara-C was evaluated using Cell Counting Kit-8 (CCK-8; Dojindo, Kumamoto, Japan) assays. Cells were plated at a density of 1 × 10 5 cells/mL in a 96-well plate. Incubation times and concentrations of Ara-C are shown with the results. After incubation, cell viability was determined using CCK-8 according to the manufacturer's protocol. Absorbance at 450 and 630 nm was read using a Microplate Reader (Bio-Rad). The experiment was repeated in triplicate.
Results and discussion
As shown in Supplementary Figure S1 , several different concentrations were used to test the effect of Ara-C on cell viability at various time points. IC 50 (defined as the concentration of drug that reduces cell viability by 50% relative to untreated controls) values were calculated to be approximately 10 -4 or 10 -5 M for 12 h. Combined with the results of a previous report, 51 a concentration of 10 -5 M Ara-C was selected to induce cell apoptosis. Abbreviations: Ara-C, cytosine arabinoside; NF-κB, nuclear factor κB; TF, transcription factor. AGATGGAGAGCCGCTTTGAGCT  CCGAGTGAAGTCCTCATATCCG  E2F2  AGCTGGAACCGAGAGAACATG  ACACGACCAGGCGAAACC  TNF  GGCGTGGAGCTGAGAGATAAC  GGTGTGGGTGAGGAGCACAT  hSPA1A  ACCTTCGACGTGTCCATCCTGA  TCCTCCACGAAGTGGTTCACCA  hSPA1B  ACCTTCGACGTGTCCATCCTGA  TCCTCCACGAAGTGGTTCACCA  C20orf129  GCGTGGCAACAGGCTCCTACA  GGCATACAGGATTCGGAACTCC  IRS2  CCTGCCCCCTGCCAACACCT  TGTGACATCCTGGTGATAAAGCC  DDIT4  AGGAAGCTCATTGAGTTGTG  GGTACATGCTACACACACAT  KIF20A  GTACCAACCAGGAAAATCAG  TGTCTGAGTATTGCATCCTG  CENPE  GGAGAAAGATGACCTACAGAGGC  AGTTCCTCTTCAGTTTCCAGGTG  P2RX4  GTGGCGGATTATGTGATACCAGC  CACACAGTGGTCGCATCTGGAA  KCTD9 GCCGCTGTAATCTTGCACATGC CAGTTTCAGGGATGCTCCTTCTG GAPDh CGCTCTCTGCTCCTCCTGTT CCATGGTGTCTGAGCGATGT Abbreviation: PCR, polymerase chain reaction. 
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